This article is concerned with assessment of changes in two critical characteristics of lake and river ice regime, namely ice cover duration and maximum ice thickness, in the period from the beginning of the 80s to the present, which is characterized by higher temperatures in the Northern Hemisphere compared with the previous period. The above ice regime characteristics are often limiting factors in winter operation of lakes and rivers (navigation, hydraulic construction works in cold period, construction of ice roads etc.). Assessment of changes in ice characteristics of lakes and rivers has been made for 52 river and five lake gauging sites of the Asian part of Russia (APR) using long-term observation data from the Russian observing network. Long-term series of the above characteristics were divided into two periods: from 1955 to 1979 (the period of stationary climate) and from 1980 to 2014 (non-stationary climate) and assessed from the point of view of their homogeneity and trend significance by Student's t-test. The research has found that at most of the sites in the APR, both ice cover duration and maximum ice thickness decreased during non-stationary climate period compared with the previous one. The greatest quantitative changes have occurred in the Eastern Siberia (average net decrease in ice cover duration amounted to 7 days•decade −1 and in maximum ice thickness-20 cm•decade −1 ) and in the Amur River basin (7 days•decade −1 and 17 cm•decade −1 respectively).
tures, is affecting many natural processes, including hydrological regime of rivers and lakes. Each successive decade is characterized by higher temperatures compared with previous one, and the last three decades have been considered the warmest for more than one thousand years in the Northern Hemisphere [1] .
Ice characteristics of inland water bodies are among the most sensitive to air temperature changes.
Early studies of changes in ice regime of water bodies due to changing climate began in Russia in the last decade of the twentieth century with large rivers in various geographic zones of the country. Scientists first explored the relationships of freeze-up and break-up dates with variations in air temperature and their changes in the last decades. The next step was to assess shifts in the dates of ice appearance and breaking, as well as of changes in ice cover duration and maximum ice thickness for rivers and lakes of the Russian Federation. The history of research of changes in ice regime of the Russian lakes and rivers under changing climate is summarized by Vuglinsky [2] . Studies have shown that, for lakes and rivers of different sizes and locations, changes in ice characteristics can be divergent, however, for most of the Russian lakes and rivers examined, a distinct general decreasing tendency in the ice cover duration and maximum ice cover thickness has been observed over the last 30 -35 years.
This article summarizes the results of assessments of changes in ice cover duration and maximum ice thickness for lakes and rivers of the Asian part of Russia (APR). These studies are a continuation of those summarized in [2] [3] [4] .
The Asian part of Russia comprises more than 75% of the whole territory of the country. It is located to the east of the Urals and covers about 13 million km 2 
.
Due to considerable extent, physiographic features of the APR vary widely [5] .
There are four large natural regions within the APR: Western Siberia, Eastern Siberia, The Far East and The Amur River region.
Western Siberia stretches from the Urals as far as the Central Siberian Plateau.
It has a continental climate with minimum winter temperatures of −52˚С throughout the whole territory. Average winter temperature in the southern part of the territory is −15˚С, while in the northern part it is −30˚С. The air temperature amplitude increases and precipitation amount decreases from north to south which is an indication of increasing continentality southwards.
Eastern Siberia covers most part of the Central Siberian Plateau. The climate is extremely continental. Average temperature in January is from −17˚С in Krasnoyarsk to −40˚С in Yakutsk. Almost the entire territory is permafrost which forms during long and extremely cold, dry winters.
The Far East includes North-Eastern Siberia and the so-called North Pacific country divided by the Pacific watershed.
The climate of the North-Eastern Siberia is harsh, extremely continental due to location of the territory in arctic and subarctic zones, as well as the protection from the impact of the Pacific by mountains. Average temperature in January is −40˚С over the entire territory excluding lowlands in the north where average 
Data and Methodology
As stated above, ice cover duration and maximum ice thickness were selected as ice regime characteristics. Ice cover duration is determined from difference between dates of persistent ice cover beginning and end [6] . Data on ice cover duration and maximum ice thickness were taken from hydrological year-books and water inventory.
The study uses long-term observation data for 52 river and 5 lake hydrological observing sites. These were selected in various parts of the APR to ensure the full consideration of the diverse ice formation conditions in different regions of the area. Figure 1 provides the location of the sites.
Since one of the tasks of this study was to analyze changes in ice regime characteristics under changing climate, long-term data series were divided into two periods: from 1955 to 1979 (the period of stationary climate) and from 1980 to These periods were identified in series of maximum ice thickness and ice cover duration for lake stations and in series of maximum ice thickness for river stations. As observations of ice cover duration on rivers only started in the late 1970s, this parameter was analyzed only within the period 1980-2014.
The entire initial dataset was incorporated into an electronic database. All subsequent work on scientific analysis, generalization and interpretation of data used the compiled database.
Information on selected hydrological sites and observation periods used for calculations is summarized in Table 1 . Site numbering corresponds to the numbers of sites on the map. 
Assessment of Homogeneity of Long-Term Ice-Regime Series
Homogeneity of long-term ice-regime series was assessed using Student's t-test which takes account of degree to which mean values of the two parts of the series differ [11] .
For river sites, only homogeneity of maximum ice thickness was assessed because, as it was mentioned above, data on ice cover duration were available only from 1970.
The results of the analysis of the homogeneity of long-term maximum ice thickness data series for the rivers of the APR demonstrated that more than half of the series (28 out of 52) proved non-homogeneous with 5% error probability.
It is remarkable that the greatest ratio of non-homogeneous series (9 out of 12 or 75%) is typical for sites in the Ob' River basin, i.e. the western part of the territory. The ratio of such sites decreases eastwards (6 out of 11 or 55% in the Ye- ice thickness and ice cover duration. Long-term series for four out of five gauging sites do not meet the hypothesis of homogeneity with a probability of 0.95 for both characteristics. Long-term series for both characteristics have proved homogeneous only for Peschanaya Bukhta on the Lake Baikal.
Since there is a certain relationship between maximum ice thickness and ice cover duration, one can suppose that, once non-homogeneity has been revealed for maximum ice thickness, long-term series of ice cover duration would prove non-homogeneous as well for the same gauging site. Such consistency is proved by the results of homogeneity analysis for lake series: the identified homogeneity (or non-homogeneity) of a long-term series for one of the characteristics was accompanied by the same result for another one at the same gauging site.
Given below as an example are results of the homogeneity assessment for 
Assessment of Trends of Long-Term Series of Ice Regime Characteristics
For assessments of trend significance, the Student's test method based on a hypothesis stipulating that regression coefficients are equal to zero was used.
Homogeneity of trends in ice cover duration series for river sites was assessed for the period 1980-2014 and trends in maximum ice thickness and ice cover It is also important to note that most of the long-term series of those lake and river sites for which significant trends have been identified in the period 1955-2014 proved non-homogeneous. ). Table 4 provides data on typical trend changes in maximum ice thickness for the period 1980-2014 for selected lake and river sites located in the territory of the four APR regions considered.
Assessment of Quantitative Changes in Ice Regime

Assessment of Changes in Mean Values for the Two Considered Periods
Assessments of changes in ice regime characteristics over the period obtained from the analysis of graphic charts, as presented in 5.1, still do not provide objective view of the past changes in these characteristics compared with the previous period. Account must also be taken of differences in their means for the two periods selected. Such assessments were made for series of maximum ice thickness for all lake and river sites and for the series of ice cover duration only for lake sites because ice cover duration data for river sites for the period until positive changes in mean values of maximum ice thickness: Barguzin-Mogoito (+13 cm), Kamchatka-Kliuchi (+ 10 cm) and Kolyma-Zyryanka (+4 cm).
River sites with the greatest negative values of Δ for maximum ice thickness (≥ −15 cm) are listed in Table 5 .
Assessment of Net Changes in Ice Characteristics for the Non-Stationary Climate Period
Net changes in the considered ice regime characteristics for the non-stationary of the data showed that, for most of the sites, a decline in both ice cover duration and maximum ice thickness is observed. The exceptions were: the six sites in the Eastern Siberia (Yenisei-Vorogovo; Ingoda-Ulyoty; Barguzin-Mogoito; Aldan-Ugino; Lena-Pokrovskoye and Baikal-Peschanaya Bukhta); two sites in the Far East (Indigirka-Iurty, Kolyma-Zyrianka); and one in the Amur River basin (Urmi-Verkh. Urmi). At all the above sites, except for Baikal-Peschanaya Bukhta, an increase in the maximum ice thickness has been observed. At the Peschanaya Bukhta site, only ice cover duration has increased. Consolidated calculated values of estimated changes in ice cover duration and maximum ice thickness for non-stationary climate period adjusted to a scatter band of ±10% of a mean are listed in Table 6 . For the entire territory of the Asian part of Russia, a distinct general decreasing trend in ice cover duration and maximum ice thickness for the period 1980-2014 compared with the previous period is observed. The greatest changes in the considered ice regime characteristics occurred in the Eastern Siberia where average net decrease in ice cover duration amounted to 7 days•decade 
Conclusions
Assessment of changes in ice regime of rivers and lakes under non-stationary 
